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ABSTRACT: Potatoes are important foodstuffs all over the world. The influence of slice thickness and 
varying temperatures on potatoes was studied during oven drying. This work on thin layer drying was 
carried out between 60°C and 80°C at different slice thicknesses of 0.4cm 0.6cm and 0.8cm. The sliced 
samples were pre-treated with 0.5% sodium meta bisulphite solution for five minutes and oven-dried 
at 60°C, 70°C, and 80°C. The results showed that pre-treated samples dried quicker than untreated 
samples. Experimental drying curves showed only a falling drying rate period. The Dem values of dried 
samples at a hot air-drying temperature of 60-80°C were varied in the range of 1.12x10-9 to 9.42x10- 
10m2/s for untreated samples and 1.4x10-9 to 7.09 x10-10m2/s for treated samples. Because of the 
increased mass transfer, the higher temperature increased effective moisture diffusivity. Activation 
energy was calculated from the graph of InDer (effective moisture diffusivity) versus 1/Taps and 
thermodynamic properties of food sample drying were obtained using the method described by 
Jideani and Mpotokwana,2009. The values of activation energy were varied in the range of 25 to 
36kJ/mol for untreated samples and 33 to 43kJ/mol for treated samples. The enthalpy, entropy and 
Gibbs free energy values were -2733 to -2908]/mol, -298.85 to-345.58J/mol and 104238.6 to 


115625.6J/mol respectively. 
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1.INTRODUCTION 

Nigeria is a nation with ethnically and 
culturally diverse food consumption patterns 
based on the different agro-ecological zones. 
The diets of the people are based on the foods 
produced in the different zones [1]. Irish potato 
(Solanum tuberosum) is by far the most fruitful 
and efficient tuber crop in the world in terms of 
tuber yields and days to maturity. The crop 
matures in about 60 to 90 days as compared to 
9 and 12 months for yam and _ cassava, 
respectively [2]. The Jos South Local 
Government Area accounts for 25% of total 
potato production in Nigeria [3]. Potato, which 
requires a temperature range of 15 to 30°C, is 
primarily grown in Plateau state, though it can 
also be grown in the mountainous region of 
Cross River and Borno State [4]. Potato is a low- 
cost but nutrient-dense staple food in Sub- 
Saharan Africa's densely populated cities, 
providing protein, vitamin C, zinc, and iron [5]. 
Potato gives the highest yield per unit area 
among roots and tuber crops in Nigeria and that 
it brings more income to farmers than other 


roots and tuber crops [6]. Potato is an 
important crop of the Solanaceae family. The 
potato is rich in vitamins and minerals, 
minerals, and phytochemicals such _ as 
carotenoids and natural phenols [7]. Potatoes 
are used as starch or as an ingredient in various 
foods, for starch extractions and other industrial 
purposes. The demand and use of such crops 
have increased since recent past due to 
changing food habits. More than half of the 
potatoes grown in the developed countries are 
used as processed products [8]. The popular 
potato products are potato powder, potato 
chips, potato flakes, and potato granules. 

Drying is the process wherein moisture is 
removed from the food material as a result of 
concurrent heat and mass transfer [9]. 
Dehydration preserves food in a stable and safe 
condition by reducing water activity, extending 
the shelf life much longer than that of fresh 
produce [10]. The resulting dried products 
records minimal loss of their nutritional 
qualities while their shelf life is extended [11]. 
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Previous works studied mathematical modeling, 
moisture diffusion, energy consumption, and 
efficiency of thin-layer drying of potatoes[12], 
modeling of drying kinetic of potatoes taking 
into account shrinkage[13], the mathematical 
modeling of the drying of potato slices in a 
forced convective dryer based on important 
parameters[14], solar drying under the same 
conditions, for three same quantities of 
potatoes, but cut following different shapes: 
cylinders, cubes and rectangular 
parallelepipeds[15], drying kinetics of a solar 
dryer for drying of potato chips in western 
Maharashtra, India. [16], the effects of 
blanching, saline immersion, and ultrasound 
pretreatments on the drying time, internal 
quality, and external quality characteristics of 
dried potato slices [[17], the effects of osmotic 
dehydration as pretreatment, two different 
osmotic agents, sucrose and sorbitol, and 
microwave power density on the drying kinetics 
of sweet potato slices.[18], and modelling dry 
kinetics of potatoes using a tunnel dryer. [19]. 


The aim of this research was (i) to determine 
generate data from thin layer drying of potato, 
(ii) to calculate thermodynamics properties of 
dried potato slices. 


2.0 MATERIALS AND METHODS 
2.1 Materials Used 


Freshly harvested potatoes, Muffle furnace, 
hot air oven, digital hot plate, heating mantle, 
digital weighing balance, distillation system, 
soxhlet extraction system, measuring cylinder, 
volumetric flask, glass petri dish, 250ml conical 
flask, beaker, filter paper, crucible, distilled 
water, spatula, weighing balance, Atomic 
Absorption Spectrometer AA-7000. 


Fig. 2.1: Hot air oven 
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Fig 2.2 Atomic absorption spectrometer 


2.2 Experimental Procedures 

Hot air dryer (Fig2.1) were treated to obtain 
steady temperature. Composition analyses of 
the samples were conducted according to the 
analytical procedures [20]. The samples were 
peeled with a stainless knife and cut into chips 
of different thicknesses of 0.4cm, 0.6cm, and 
0.8cm. Some of the sliced samples are treated by 
soaking for 5 min in a 0.5% sodium meta 
bisulphite (NazS20s5) solution. There were 
treated and untreated samples for each. 


2.2.1 Determination of moisture content of 
food sample 

Porcelain crucibles were washed and dried in 
an oven at100°C for 30 minutes and allowed to 
cool in a desiccator. One gram of food sample 
(A) was placed into weighed crucibles and then 
put inside the hot air oven (Fig.2.1) at 105°C for 
4 hours [20]. The samples were removed from 
the oven weighed. The drying was continued 
and all the samples with the crucibles weighed 
until a constant weight (B) was obtained after 
this period and then cooled and weighed. 


—B 100 24 
a -°7 @D 
Where, A = Original weight of sample. 


B = Weight of dried sample. 


A 
Moisture = 


2.2.2 Determination of crude protein of food 
sample 

Crude protein was determined using the 
micro-Kjedahl method.1g of the ground sample 
of food sample was weighed into the Kjedahl 
digestion flask. 1g of the catalyst (20g potassium 
sulphate, 1g copper sulphate and 0.1g selenium 
powder) was weighed and added into the flask. 
15 ml of concentrated sulphuric acid was also 


Edeani et al, 


International Journal of Advanced Science and Engineering 


www.mahendrapublications.com 


Int. J. Adv. Sci. Eng. Vol.10 No.1 3224-3236 (2023) 3226 


added for digestion to take place and the 
mixture was heated until a greenish clear 
solution appeared. The digest was allowed to 
clear for about 30 minutes. It was further heated 
for more 30 minutes and allowed to cool. 10ml 
of distilled water was added to avoid caking. 
Then the digestate was transferred with several 
washings (three times) into a 100 ml volumetric 
flask and made up to the mark with 
distilledwater.10ml of digestate was collected 
and put into receiver flask containing 5ml boric 
acid indicator solution. 10ml of 40% NaOH 
(sodium hydroxide) solution was added to the 
digested sample through a funnel stop cork for 
neutralization. The distillation commenced by 
closing the steam jet arm of the distillation 
apparatus. The distillate was collected in the 
receiver flask (35ml). 


Titration 
Titration was carried out with 0.01M standard 
HCl to estimate nitrogen content. 


_ volx0.014xMx100 100 22 
~ wt of sample ~ 1 . 


Where, M= molarity of std HCl, N= total nitrogen 


content. 
%Crude Protein = %Nx6.25 (2.3) 


2.2.3 Determination of crude fiber content 
of food sample 

1g of the food sample was weighed (W;) into 
a 600ml beaker and 150ml of preheated (1.25% 
sulfuric acid),0.128M H2SO4 was added to it for 
extraction of sugar, starch by acid hydrolysis 
[20]. The mixture was heated for 30 minutes 
and filtered under suction and washed with hot 
distilled water until the washings were no 
longer acidic. The residue was then transferred 
to a beaker and boiled for 30 minutes with 
150ml of preheated 1.25% potassium 
hydroxide, KOH (0.223M) for alkaline 
hydrolysis. It was filtered and washed with hot 
water until the washings are no longer alkaline. 
The residue was washed three times with 
acetone and dried in an oven at 105°C for 2 
hours. It was then cooled in a desiccator, 
weighed (W2) and ashed in a muffle furnace at 
500°C for 4 hours. The ash obtained was cooled 
in a desiccator and weighed (W3) 


W,—W, 100 
%Crude Fiber = ——_——x— ({(2A4) 
WwW, 1 
Where,W1= weight of sample. W2= Weight of 
dry residue. W3=Weight of ash. 
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2.2.4 Determination of fat content of food 
sample 

Fat content was determined using the Pearson 
method [21]. The extraction flask was weighed 
(A). 1g of the grounded food sample (B) was 
accurately weighed and transferred into a rolled 
filter paper and then placed inside the 
extraction thimble. The thimble was placed 
inside the extractor. 90ml of petroleum ether as 
solvent was poured inside the extraction flask 
(C). The condenser and the flask were 
connected to the extractor. The whole unit was 
place on a heating mantle for 4hours after which 
the petroleum ether was recovered. The oil 
collected in the flask was dried in an oven at 
105°C. It was then weighed and the percentage 
fat calculated as shown below 


C—A 100 
x— (25) 


%Fat = = i 


Where, C = weight of flask +oil. A = weight of 
empty flask. B = weight of original sample. 


2.2.5 Determination of ash content of food 
sample 

It was done using analytical method [20]. 1g 
of the finely ground food samples (C) were 
weighed into porcelain crucibles which have 
been washed, dried in an oven at 100°C, cooled 
in a desiccator and weighed (B). They were then 
placed inside a muffle furnace (dry ashing) and 
heated at 600°C for 4 hours to burn away 
organic content leaving inorganic mineral. After 
this, they were removed and cooled in a 
desiccator and then weighed (A). 


%Ash= <z = (2.6) 


Where, A = Weight of crucible + ash. B = Weight 
of crucible. C = Weight of original sample 


2.2.6 Total Carbohydrate of food sample 
Total carbohydrate values in the USDA tables 

are calculated by difference using the following 

formula for 100g of food 

Total CHO = 100 — (protein + fat+ 


crude fiber+ ash + water) (2.7) 


2.2.7 Mineral analysis of food sample 
2.2.7.1 Sample digestion 

One gram of the each food samples were 
weighed into digestion flask and 30cm of aqua 
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regia (acid digestion) was added and digested in 
a fume-cupboard until clear solution was 
obtained. It was cooled, filtered and then made 
up to 50ml mark in a standard volumetric flask 
with de-ionized water. 


2.2.7.2 Methodology for mineral analysis 

A blank sample was prepared to zero the 
instrument before running other series of 
samples. Standards (2ppm, 4ppm and 6ppm) 
were prepared from 1000ppm stock solution of 
the minerals and used to plot the calibration 
curve. The curve was plotted automatically by 
the Atomic Absorption Spectrometer (Fig.2.2). 
2.2.1.7.3 Preparation of Standard Concentration 

Standard solutions (2 ppm, 4 ppm and 6 ppm) 
were prepared from 1000 ppm stock solution of 
the minerals using the formula: 


C,xV, = C,xV, (23) 


Where, C1 = 1000 ppm and C2=2 ppm, Vi=? ,V2- 
100 ml, Vi - (100 x 2) \ (1000) = 0.2ml 


0.2 ml of standard solution was pipetted into 
100ml flask and made to the mark with 
deionized water. This procedure was used in the 
preparation of 4ppm and 6ppm respectively. 
High temperature was produced in the ignition 
chamber and provided enhanced reducing 
settings for the atomization of the respective 
minerals. Each standard was aspirated by 
nebulizer, converted into an aerosol, mixed with 
the gases and converted into atomic form. All 
the standard solutions were analyzed and the 
calibration curve was plotted automatically for 
the mineral of interest. The mineral was 
analyzed using its respective wavelength after 
which its concentration was generated from the 
standard graph made by the Atomic Absorption 
Spectrometer (Fig 2.2). 


2.2.8 Phosphorous analysis of food sample 
About 3g of food sample (W) are weighed into 
a vijcor crucible and mixed with 0.5¢ of zinc 
oxide. The sample was heated slowly on the hot 
plate until it thickens, then heating was 
increased slowly until the mass is completely 
charred. The crucible was placed in a muffle 
furnace at 550-600°C and hold for 2hours. The 
crucible was removed to cool at room 
temperature. 5ml of distilled water and 5ml of 
hydrochloric acid was added to the ash. The 
crucible was covered with a watch glass and 
heat to gently boil for 5 minutes, then filtered 
into 100ml volumetric flask. The solution was 


E-ISSN: 2349 5359; P-ISSN: 2454-9967 


cooled to room temperature and then neutralize 
to a faint turbidity by drop-wise addition of 
50% potassium hydroxide solution. 0.5N 
hydrochloric acid drop-wise was added until the 
zinc oxide precipitate is dissolved, then two 
additional drops was added. The volume was 
diluted with distilled water and mix thoroughly. 
10ml of the solution (V) was pippette into a 
clean dry 50ml volumetric flask, and 8.0ml of 
hydrazine sulphate solution, 2.0ml of sodium 
molybdate solution was added. The mixture was 
heated for 10 minutes in a vigorous boiling 
water bath and cool to 25°C in a water bath. 
Distilled water was added to dilute to volume 
and mixed thoroughly. The solution was 
transferred clean, and dry cuvette. The 
transmittance was measured at 650m! with the 
instrument and adjusted to read 100% 
transmittance for a cuvette containing water. A 
reagent blank was prepared with no added oil. 
The phosphorous content of the sample (A) and 
the blank (B) was read with atomic absorption 
spectrophotometer (Fig 2.2). 


Calculation: 
10{A— B) 


Phosphorus = Wav (2.9) 


A= phosphorous content of the sample aliquot 
in mg 

B= phosphorous content of blank aliquot in mg 
W2= weight of sample V= volume of aliquot taken 


2.2.9 Vitamin analysis of food sample 
2.2.9.1 Determination of vitamin A of food 
sample 

One gram of the sample was weighed into test 
tube [22]. The proteins were first precipitated 
with 3ml of absolute ethanol before the 
extraction of vitamin A with 5ml of heptane. The 
test tube containing the mixture was shaken 
vigorously for 5mins on standing and 3ml from 
the heptane layer was taken up in a cuvette and 
read at 450nm against a blank of heptane. The 
standard was prepared and read at 450nm 
wavelength using atomic absorption 
spectrometer (Fig.2.2) and vitamin A calculated 
from the standard. 


_ Absorb.ofsample Conc. of std 


hit Sa ae, ete ae ee 
A eho ~ Wied 


2.2.9.2 Determination of vitamin Bz of food 
sample 


5mg of the sample was weighed into test tube. 
50ml of 0.2M hydrochloric acid (HCL) was 
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added and boil on a water bath for ihr, and 
cooled [23]. The pH was adjusted to 6.0 using 
NaOH and 1M HCL was added to lower the pH to 
4.5 then filter in a 100ml measuring flask to 
make up the volume. 10ml aliquot from 100ml 
volume and 1ml of acetic acid (glacial) was 
added to each tube and mixed and then 0.5ml of 
3% KMn0O4 solution was added. After 2min, 
0.5ml of 3% H202 was added and mixed well 
before taking your reading at 470nm using 
atomic absorption spectrometer (Fig2.2). 


Absorb.of sample Conc. of std 


r = 

Vit.B2=—“bsorb.ofstd * Wtused "2 
2.2.9.3 Determination of vitamin C of food 
sample 

5g of sample is weighed into 100ml volumetric 
flasks. 2.5m] of 20% meta-phosphoric acid was 
added as stabilizing agent and diluted to volume 
with distilled water [24]. 10ml of the solution 
was pippetted into a small flask and 2.5ml 
acetone added.the solution was titrated with 
indophenol solution until a faint pink colour 
persists for 15 seconds. The absorbance was 
measured at 264nm using atomic absorption 
spectrometer (Fig2.2). 


Absorb.of sample Conc. of std 


ir SE a Ra Cee _ ase ae 
“=c= Absorb.ofstd ~ Wtused 


(2.12) 


2.2.9.4 Determination of vitamin E of food 
sample 

1g sample was weighed into 100ml flask fitted 
with reflux condenser [22]. 10ml of absolute 
alcohol and 20m of alcoholic sulphuric acid was 
added. The mixture was reflux for 45 min, 
cooled and 50 ml of distilled water was added. 
The mixture was transferred to a separating 
funnel with acid of further 50 ml of water. The 
mixture was extracted with 30ml of diethyl 
ether and evaporated with very low heat. Then 
the residue was dissolved with 10ml absolute 
ethanol. Aliquots of the sample and standard 
solution were transferred to a 200 ml 
volumetric flask and 5 ml absolute alcohol 
added, followed by 1 ml concentrated nitric acid 
drop wise with swirling. The solution was 
placed in a water bath at 90°C for 3 min and 
cooled under running tap and adjusted to 
volume with alcohol. The absorbance was 
measured at 470 nm against a blank containing 
5ml absolute alcohol and 1 ml nitric acid atomic 
absorption spectrometer (Fig2.2). 


Absorbofsample_ Conc.of std 
Wt E = 1S 
Absorb.of std Wtused ( ) 
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2.2.9.5 Determination of vitamin K of food 
sample 

It was done using analytical method [20]. The 
power switch of refractometer was pressed on 
and the illuminating lamp came up and the 
display showed 0000. A drop of the sample was 
introduced on the working surface of the lower 
refracting prism. The rotating arm and the 
collecting lens cone of the light gathering 
illuminating units were rotated so as to make 
the light-intake surface of the upper light-intake 
prism to be illuminated evenly. The field of view 
was observed through the eye piece and the 
adjustable hand wheel was rotated so as to 
make the line dividing the dark and light areas 
fall in the cross line. The dispersion correction 
hand wheel was rotated so as to get a good 
contrast between the light and dark area and 
minimum dispersion. The read button was then 
pressed and the brix content was displayed on 
the screen. 


Absorb.ofsample Conc. of std 


a= Absorb.of std 7 Wt. used 


(2.14) 


2.2.10 Determination of energy value of 
food sample 

It was done according to the method [20]. The 
outside canister of bomb calorimeter was filled 
with distilled water. The distilled water was 
stirred by the hand held stirrer of the 
equipment to get an average temperature 
before the experiment. 3000g or 3L of distilled 
water was poured into the inner canister and 
the combined weight noted, E until the weight 
reached the standard level (bucket+3Lof water). 
The sample (g) was compressed into powder 
form and measured in grams. The two ends of 
the ignition thread were fixed on two electrode 
poles and ensured that it touched the sample to 
be elevated. 10m distilled water was filled in 
the oxygen bomb and the cover was screwed 
down. The oxygen was filled into the bomb at a 
pressure of 2.8-3.0 MPa. The oxygen bomb was 
put onto the clamp in the inner canister. The 
necessary wires were connected and 
temperature sensor was put into the inner 
canister. “POWER” and “STIR” buttons of 
calorimeter was switched on and _ initial 
temperature of water recorded as Ti. Fire 
button was pressed and the _ instrument 
measured and saved the data. The final 
temperature was recorded as Tf. Temperature 
sensor was removed and lid opened. The bomb 
was removed and oxygen released. The length of 
unburned firing wire was measured as ®. The 
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lining of oxygen bomb and crucible was washed 
with100ml of distilled water. Two drops of 
methyl red indicator was added and titrated 
with 0.0709N of sodium carbonate. The volume 
of the alkali (V) used was recorded. 


EAT—®—V 


Energy = (2.15) 


Where AT= Change in temperature (Tf-Ti),® = 
Correction for heat of combustion of firing wire, 
g=Weight of sample, E= Energy equivalent of the 
calorimeter per degree, °C. 


2.3 Drying Operation 

The chips were loaded into the hot air dryer 
for the drying process. The dryer was pre- 
heated to a steady temperature before the chips 
were loaded. The drying process was performed 
at 60°C, 70°C, and 80°C. The samples were 
removed from the dryer and weighed manually 
at 30-minute interval to monitor moisture loss. 
The drying process was truncated when two 
consecutive sample weights remained constant. 
The experiments were replicated. 


2.3.1 Analytical procedure for thin layer 
drying 


initial wt— final wt 
~~ finalwt | Ream) 
moisture content ata time 


f= —---——_ - 1 
se initial moisture content 17) 


change in mass (kg) 


= Area X time(s) 


(2.18) 


2.3.2Effective diffusivities calculation 

The effective moisture diffusivity (Dem) was 
calculated from the slope of plot of In MR 
(moisture ratio) against drying time [25] and is 
represented in equation. 


iT "Derr 


ro sa 19) 


MR= ee 


Expressing in logarithm forms 


InMR = = -|- = att (2.20) 
m*D 
K= a : (2.21) 
ark 
Dest == (2.22) 
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Where K is the slope, | is the half of slab 
thickness and Deg is the effective moisture 
diffusivity. 


2.3.3 Activation energy calculation 

Activation energy was calculated from the 
graph of InDer (effective moisture diffusivity) 
versus 1/Tabs. The correlation of temperature 
and moisture diffusion is inversely related as 
expressed using Arrhenius equation. 


E 
Deze = Doexp [- a (2.23) 
1 
InDar¢ = InD.— =x = (24) 
E,, = slopex R (2.25) 


Where Do is the pre-exponential factor, Ea is the 
activation energy in kJ/mol, R is the universal 
gas constant in, 8.314 J/mol K and T is the 
absolute air temperature in K. 


2.3.4 Thermodynamic properties 

Thermodynamic properties of food sample 
drying were obtained using the method 
described by [26], according to Eqs (2.26) to 
(2.28) 


AH = E,, — RTabs (2.26) 
ks 
AS=R [nx — ee InTaze| (2.27) 
P 
AG = AH —Ty,,AS (2.28) 


Where, AH= enthalpy of activation, J mol-1, AS= 
entropy of activation, J mol-1, AG= Gibbs free 
energy of activation, J mol-1, kb = Boltzmann 
constant, 1.38 x 10-23 J K-1,hp = Planck's 
constant, 6.626 x 10-34Js 


3.0 RESULTS AND DISCUSSION 
3.1 Composition of potato 


The results of composition of potato samples 
were presented in Table 3.1. 

The moisture contents of raw potato samples 
was 88.10%, hence the need for drying to avoid 
food waste. The treated (sulphated) samples 
were oven-dried at 60°C, 70°C and 80°C. The 
moisture content of the treated oven-dried 
sample was all below 10%, which suggests a 
reduction in the growth of the microorganism 
thereby increased in shelf life [27]. The protein 
content ranged from 2.02 to 2.50%, ash content 
from 0.51 to 1.14%, crude fat from 1.18 to 
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2.01%, crude fiber from 0.76 to 1.18%, and 
carbohydrate increased from 5.07 to 90.29%. It 
was observed that as the temperature 
increased, the protein content decreased, this is 
due to denaturation of the protein [28]. The 
decrease in fat content could be associated with 
the oxidation of fat during the period of 
drying[29].The dried samples at different 
temperatures varied from 18.9 to 20.3mg/100g 
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38.92 to 42.34 mg/100g for magnesium, and 
0.46 to 0.51mg/100g for zinc. The dried 
samples at different temperatures varied from 
254.4 to 259.8g/100g for vitamin A, 0.11 to 
0.15mg/100g for vitamin Bz, 22.5 to 25mg/100g 
for vitamin C, 65.5 to 67.2mg/100g for vitamin 
E and 0.13 to 0.19mg/100g for vitamin K. The 
energy value varied from 3267.2 to 
3291.3KJ/100g. The results are comparable to 


for phosphorus, 16.12 to 17.83mg/100g for 
calcium, 8.72 to 11.36mg/100g for potassium, 
Table 3.1: Composition of potatoes 


those obtained by other work [30]. 


Proximate Analysis: 


Protein (%) 2.50 2.37 2.21 2.02 
Ash (%) 1.14 0.92 0.65 0.51 
Crude fat (%) 2.01 1.78 1.51 1.18 
Moisture content (%) 88.10 5.90 5.32 5.24 
Crude fibre (%) 1.18 1.09 0.82 0.76 
Carbohydrate (%) 5.07 88.34 89.49 90.29 
Minerals: 

Phosphorus (mg/100g) 20.3 19.4 19.2 18.9 
Calcium (mg/100g) 17.83 17.12 16.83 16.12 
Potassium (mg/100g) 11.36 10.21 9.82 8.72 
Magnesium (mg/100g) 42.34 41.12 39.71 38.92 
Zinc (mg/100g) 0.51 0.50 0.47 0.46 
Vitamins: 

Vitamin A (ug/100g) 259.8 258.4 256.3 254.4 
VitaminBz (mg/100g 0.15 0.13 0.13 0.11 
Vitamin C (mg/100g) 25 24.2 23.5 22.5 
Vitamin E (ug/100g) 67.2 66.1 66.0 65.5 
Vitamin K (mg/100g) 0.19 0.17 0.15 0.13 
Energy: 

Energy (kJ/100g) 3291. 3275.6 3270.3 3267.2 


decrease in slice thickness resulted in decrease 
in drying time. The increase in the drying time 
with increasing slice thickness was due to the 
effect on the exposed surface area, resulting in 
increased diffusion path of moisture out of the 
sample slices during hot-air drying [31]. 


3.2 Results of drying kinetics of ten 
indigenous Nigerian foodstuffs 
3.2. 1: Moisture contents of food sample 
(drying curve) 

The slice thickness had effect on the moisture 
content of the sample slices. In other words, the 
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Fig.3.1 & Fig. 3.2 : Moisture content versus time,untreated irish potato at 60°C & 70°C 
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The pretreated slices dried quicker than the addition to improved porosity due to 
unprocessed thin strips of comparable size. pretreatment, improves diffusion of water to the 
Hydrolysable compounds, such as_ simple surface of the slices and thus faster drying. The 
sugars, are reduced in the processed slices. The results are comparable to those obtained by 
exterior strengthening of the specimens would other works [33, 34, 35]. 


be reduced if there was less sugar [32]. This, in 
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Fig.3.6: Moisture content versus time,treated irish potato at 80°C 
3.3 Effective Moisture Diffusivity and thermodynamic properties of the food samples 


The rate constant was derived from the modeling techniques used to calculate diffusivity. Moisture 
diffusion is sensitive to temperature 
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Figure 3.12: In(MR) against time, treated Irish potato at 80°C 
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3.4; Results of effective moisture diffusivity of food samples 
Table 3.2: Effective moisture diffusivity of the irish potato samples 


Untreated Irish 333 2.43 5.41 9.1 
potato 343 3.46 7.71 0.112 
353 5.10 9.42 0.152 
Treated Irish 333 3.02 6.26 0.104 
potato 343 5.13 0.103 0.14 
353 7.09 0.14 0.205 


The effective moisture diffusivity values 
increased greatly with increasing temperature. 
The Deff values of dried samples at hot air 
drying temperature of 60-80°C were varied in 
the range of 1.12x10-9 to 9.42x10-10m2/s for 
untreated samples and 1.4x10-9 to 7.09 x10- 
10m2/s for treated samples. The obtained 


values of Deff lies in general range of 10-12 to 10- 
8m2/s for drying of food materials [36]. The 
values of Deff are comparable with the reported 
values of 6.36x10-11-9.75x10-9m2/s mentioned 
for sweet potato hot air drying at 50°C-80°C[37] 
and 3.55 to 19.20x10-10m2/s for potato slices 
hot air drying at 40-85°C [38]. 


3.5: Graphical representation of Ln Deg versus 1/temp(1/K) 
Activation energy was calculated from the graph of InDes (effective moisture diffusivity) versus 1/Tabs 
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Fig.3.13:Untreated irish potato 


3.6: Activation Energy of Food Samples 
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Fig.3.13: treated irish potato 


Table 3.3: Activation energy of the dried potato samples 


Untreated irish potato 36 


27 25 


Treated irish potato 43 


39 33 


The activation energy was obtained from a 
graph of In Deff versus 1/Tabs (Fig. 3.13 and 
3.14) and calculation using (eqn 2.25). The 
values of activation energy were varied in the 
range of 25 to 36kJ/mol for untreated samples 
and 33 to 43kJ/mol for treated samples. 
Activation energy decreased with increased 
slice thickness. The value of activation energy lie 
from 12.7 to 110kJ/mol for most food materials 
[36]. The values were comparable with other 
research work where activation energy of 


potato is 20kJ/mol [39],and for carrot is 38- 
56kJ/mol [30]. The activation energy is a 
measure of the temperature sensitivity of Der 
and it is the energy needed to initiate the 
moisture diffusion within the food layers. The 
activation energy value for potato slice drying 
indicates that the energy required to initiate 
moisture diffusion is high. This value is slightly 
higher than that of 17.4-32.94k]/mol for tomato 
[40] and within that of 39.49-42.49 kJ/mol for 
potato[41].The activation energy is an 
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indication of the required energy to remove 
moisture from a solid matrix. Higher (Ea) value 
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showed greatest temperature sensitivity of 
diffusion coefficient. 


3.7:Thermodynamic Properties of the Food Samples 
Thermodynamic properties of food sample drying were obtained using the method described by 


[26]. 


3.7.1 Enthalpy values of food samples 


Table 3.4:Enthalpy of dried potato samples 


Untreated irish 333 -2733 -2742 -2744 
potato 343 -2816 -2825 -2827 
353 -2899 -2908 -2910 
Treated irish 333 -2726 -2730 -2736 
potato 343 -2809 -2813 -2819 
353 -2892 -2896 -2902 


3.7.2: Entropy values of food samples 


Table 3.5: Entropy of dried potato samples _ 


Untreated irish 333 -321.24 -341.44 

potato 343 -321.48 -341.68 -345.34 
353 -321.72 -341.92 -345.58 

Treated irish 333 -298.36 -303.43 -318.50 

potato 343 -298.61 -303.68 -318.74 
353 -298.85 -303.92 -318.98 


3.7.3: Gibbs free energy values of food samples 


Table 3.6: Gibbs free oh of the dried potato samples 


Untreated irish 333 104238.6 110957.2 112173.4 
potato 343 107452.2 114372.8 115625.6 
353 110668.2 117790.8 119080.2 
Treated irish 333 96629.28 98314.1 103324.7 
potato 343 99613.74 101349.6 106509.1 
353 102601 104387.6 109697.7 


The value of the enthalpy varied from -2733 
to -2910J/mol for untreated samples and -2726 
to -2902J/mol for treated samples. The value of 
the entropy varied from -321.24 to 345.58J/mol 
for untreated samples and -298.36 to - 
318.98] /mol for treated samples. The value of 
Gibbs free energy varied from 104238.6 to 
119080.2J/mol for untreated sample and 
96629.28 to 109697.7J/mol for treated samples. 
It was observed that enthalpy was negative in 
all cases, showing that the drying process is 
exothermic. 


The enthalpy values increased with increasing 
slice thickness and drying temperature. From 
the table, enthalpy and entropy are negative. 
Entropy increased with the increment in drying 
air temperature [42]. This pattern was expected 
because the elevation of drying temperature 
increases the excitation of the moisture 
molecules in the product [43]. This means that 
the reaction is energetically favorable and 
entropically unfavorable, resulting to positive 
Gibbs free energy. 
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CONCLUSION 

The use of heat resulted in the removal of 
water from the specimens. An increase in drying 
temperature from 602C-80°C resulted in 
reduced drying time and decreased moisture 
content. However, the protein, fat, ash, vitamin, 
and mineral content of the food sample 
decreases. Treated samples dried faster than the 
untreated samples and prevented discoloration. 
The exponential model is adequate to describe 
the relationship between the moisture content 
and time of drying. The rate constants deduced 
from the linear models of In(moisture ratio) 
versus time was adequate for the determination 
of the effective diffusivity constants and 


thermodynamic properties. Comparatively, 
treated samples require lesser time and 
temperature (energy) to attain optimum 


moisture content. 
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